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Abstract 


On a monocrystailine sapphire substrate (1) a 50 nm thick AIN buffer layer (2) is overlaid successively with a 2.2.-micron n+ GaN layer (3), a 1,5- 
micron layer (4) of lower charge concn., about 40 nm of intrinsic GaN:Zn (6) and a 0.2-micron p-layer (5). Al electrodes (7,8) are superimposed 
and isolated from each other by an incision (9). The device is mfd. by metal-organic vapour phase epitaxy. 

Pref. charge concns. in the n-type layers (3,4) are 10 to the power 17 to 19, and 10 to the power 14 to 17/cubic centimetre respectively to satisfy 

luminescence efficiency, crystalline quality and heat-generating series resistance criteria. 

ADVANTAGE - Intrinsic nitride layer increases long-wavelength component and intensity of blue emission. 


Data supplied from the esp@cenet database - 12 


http://12.espaccrietxorn/espacenet/abstract?C Y=ep&LG=en&PNP=DE433689 1 &m=J P6 1 5 1 963&CUI 1 0/8/03 


(i9)B*raf5a^/f (jp) (12) 4^ 159 # if ^ ^ (A) (iD^aiar^^M h 

i^^^6- 151963 

(43)i>MB ¥dt 6 ^(1994) 5 ^318 

(SOLnta* aSyS^ fr?3SS*^ F I ssss^ssgt 

H 0 I L 33/00 C 7376-4M 



t5«¥4 -316598 

(71)£ilKA 

000241463 





(22)djjaB 

^FfiE 4 ^(1992)10^296 









(71)tiiaA 

591014949 r 








»ft»«^am®s*^:v 1 TB 1 #38- 




805 



(71)ifi«A 

591014950 




^» S 




«»J«^^Sm:S3eE?«£BT2Tg21 C 




^rfiL«ffli*19<^«I03^S 



(74)ftaA 







(54) [ ^B^<7)^W ] 235-3 a7t35lb^«94ii!9<*^^^ 


(57) mm 

n^<^fi«-3«7t9R<b^1^5it^(*(AUGavIn 
i-x-vN;X=0,Y=0,X=Y=0 t^tO /^^^.^ir^^nilt, pI^ 
COS?!!- 3«7r:«^b^4^&*ai<*c(AlmGaYlni-x-vN;X=0.Y= 
0,X=Y=0 ^^tO ;&^e»'i:4pili:iW'ria9e-3«7u 

Zn^ifefraLf-fiiR- 3a7C9R<b^#ai(*c(AUGaYln 
i-x-vN;X=O.Y=0,X=Y=0 ^IJ^^o'il-Siiilg^ttt^ i 

J§^Wir:L. 4i|fe»ilC^ff$ti, 2O--3000AT^i. Zn 
^K-y(^i*i>fe»iC^iiltCct U485 --4900111 O^^titfi'^ 
^fotK. ±«Si:Ur450 -480nii (7)^!^/m^t\tz. 



R006741 


1 

[sf ^ 1 1 n mozm - 3 aLfc^it^^^m^ uu 

GaYlni-x-vN:X=0,Y=0,X=Y=0 ^^^V) t^foti i> n !§ t . 

BtrK n 1 i: Htr?£ P il i: COra i:Zn S: asja L f-SgR - 3 ait 
9S<t'^^(*^CAlxGavIni-x-YN;X=0,Y=O.X=Y=0 

[0001] 
t0002] 

im^^:it, )tC0 3J5?[&£^lo-Cfe^>1lfeS:l!3t&i:-r 
[0 0 0 3] IBS. GaN t:*>%^T^, MgSrSS^&D Lr«^ 

[0004] 

3^it^iii«*(Al-GaYlni.x-YN;X=O.Y=O.X=Y=0 S;-^ 
[0005] 

3 mTtmit^^mKl ..Cav in i- vN ; X=0 . Y=0 , X= Y=0 

it^<^(Al-GaYlni.x-vN;X=0\Y=O.X=Y=0 Sr-^tO 
* P /■ a: ifi^R- 3 ait:9R{b^4i««:«ytl?^ 
t:Sv>r, n/ii: p;ii:£^PdJt:Zn^j3S>!)DL/;:aiR-3fll 
TCidlb^iiiaK* ( Al «GaY In I- X. yN ; X=0 . Y=0 . X= Y=0 & If 

[0 0 0 6] ±SeC0i*t*g»/i(^/l$li, 20-3000 A 
^>ri:/ili*Li^. 20A<fcUt»i^i:i*i|&l»lrol!)t 

ai^M^^v^. 3oooAiu^W(.^t piltc^iAStv 

aSli, IX 10*°- ixiO'Vo' ■C&'i. ZnaS/>'^ i 


(2) 1^^6-15 1963 

2 

10007) 

[ftB^c^f^ffi&t^^l nJIi: piltCDWH 

2n&S*DLfcai?- 3«7c?R<t^4iai*(AUGaYln 
i-x-yN;X=O.Y=O.X=Y=0 Si-ttO t^^fj:i>^^ ttt^i 

10 iili:(7)S?^&r/il-Cf-^&Ji492nB 0%yeX>^^^ 
^ti. iilt pli:t^S?^-et'-i^ftfi430n. 

[0008] 

li^LTfc^u, -^-<^"*^7 7^'rifc«i^c5oo A(^_ain 

(^^'^y 7r*2;!>'*?BfiJi$nrt>^>. v r »2<0 
20 ±t:ti^ SOT*52.2 Mm(^GaN />*iifiai»*-y 'J 
rW&n' l3i:BOT«*J 1.5*xm(^GaN X^^^fiJifi^-^ 

«nil4(^±frcaiiil*)400 Ac^GaN /J^'ifift^^ i M 6 
fift^nTJoU, -5-(?)iiI6(^±t:0.2 Mm;i»e5aip;i 

30 [0 0 0 91 *tc, r(7)«ig(7)%)t5'>r;f-Kl Oi^ft 

^»^<b^fllSfiScilffi( i-:tT rnovPE J tK-T) t: 

3 t^'7^}yiiX^2t S'J>^;i/^U't?iU(Ga(CH3)3) 
(OT fTKG J tK-T) h - -t^ACAl 

(CH3)3) TTMA J iiKT) i:*>5>(SiH4)i: t' A 

'> 5? O '^t > i/'x - C^^'^^U (M« (CaHa) i) {i-:tT 

rcPzMg J i:S£-r) t->'x^;i/S«(}( iitT TdEZ j 

40 [0 0 10] if. W«fcift?^aUf«!«GSt:<fc*JzSfe?#L/h 
Affi$:±ffi4:-rimiSfi(^"9":7 7>r7»«l ^HOVPE $1 

[00 11] ;?(;t:, ifiJS^: 400X:*T<£T$-ti-T. Ha^ 
20 Uter/^, NHa 5:10 Uter/:^'. TMA S: l.SXlO-** 
^7U/:$^Tmi&LTALN C7)^<v:7 7Jl2;i'^ 500A(^;i 

-y'7 7>r7»tgi(^fijg[&ii50 

riCflftl^L, H2$:20 Uter/^, NHa &10 liter/^, 
50 THG ^ L7X10-'*^/l//5J'. Ha-C0.o6pp« ir^^TCUf. 


R006742 


(3) 


1^^6- i 5 19 6 3 


3 

>7>(SiH4)S: 200 al/^C^fj^rSWW^I&U. Bli? 
tfy 2.2i*m, ^-y'jyaME 1.5xiO*Vai'(^GaN t^^^ 

{00 121 «oT. -y-^T-rT^SK^axsriisor 

Hfi^L, H2&2O Uter/^. NHaSrlO liter/:^. TMG 
$:1.7 xio-*^;i//:$^£7)Sij'g'T20^fa#tl&U, Sl/iW 
1.5Am, *-^'jr«« ixiO'Vcii^ C^GaN t^^^^ 
'JTglSnJl4 i^Urc. 

[0013] ?5<:i:. ^vy^rmWii^ gooricuT, 

H2 $:20 Uter/:$^, NHa S:10 Uter/:$>, TMG & 1.7 10 
xiO-*^;i//:$>, DEZ 1:1.5 x 10-^^;U/:$>(^»I-^-C0. 
5 ^ra#«&LT, SUf400 Ai^GaN /l><ifiK^Zn2lfi 3X 
10"/ C^iiie&J^fiaUfc. 

[0014] ^77>rr»ffiiS: gooricur. 

Ha i20 Uter/^. NHa SrlO Uter/i>, TMG $: 1.7 

xio-^'^yb/^, cPaMg ^ 2xio-''^;i//^(^*J'^*c3 

5>iai#U&tr. SUf 0.2/xm(^GaN t^^^^iMS^f^ 
(0 0 15] T^iZ. S*«^[H]^Il$:ffl^^T, 

ij■5^c-tR^:«^^M*^brc. «^coMW^«^ 20 

0.2iin[i/sec , t'-AS60Am^, Jl^2.1 XlO-*Torr 
Q cttai:(^lfe»E<* fi^ ^ g^i*40 Q cmCT) p ^m^%^ t 

[0 0 IS] i^J.'riZj^^<^t\i>®3y>^^^l{t. 'i7xyN 

[00 17] ^S^Zm'i'^t^Z. pmS<n±^Z. 7.J<y 
$ U>i^H<i:USi02jil 1 $:2000A(^ji$tCi^fi£Lfc. 
-tt^SfOaJll l±2C7*hU::/XM 2$:^?&L 

T, UTWEn* ii3tCM^»i^tC^fiSc$tv^>7L 

1 5 ic^t^srt i«y&fiag5&A i: ^<n%m>^% $: p /■ 

[0018] ?^t:, [a!4i:7jTTJ:e>t:. 40 
1 2m:oTat)^iTi^?::oSi02jf 1 1 $: 7 y {tTKjRBI 

77fKi/>'xhi 2&t/si02iii ii:<t:ora*>nrp 

ii4i:»:^-^UTmKn- ;i3(?D±®-SS&. XS5E0. 
04Torr, Sffl&«^0.44W/cB» . BCU^i^^lO nl/^^-t^ 

fj^-e^muK^^rxy^v^rofcft, Ar-cK^-rxv 

t^«ffi©£liU<n/hi^O?ll 5i:>M(^tt(^f=:«t)C0«9 

;:>'»Jgfia5nf;. 50 


4 

(00 19) ?>;t:, @6t:ij^T<i:^H. pii5±tcJ|-o 
Tl^iSiOzill 1 i:7v<b7K5lW|-Cfift^tf::. MC. IS 

Tti^Tcfc^t:. ^(^±±®i:. AiflPi 3felS«i:<t 

OJ^dtLfc. znt:<J:»J. TLiSicii. 

n- «3U«fl&t?tC&«$nf-AUil 3;iV^fia5ni>. 

4/)ve*'^ UraSEn- «3&i;pff 5t:ttT^>««25 

[0 0 2 0] ^Scu, mi\>z^^-t^o\z^V)Viry^^i^:^ 
h 1 4 $:VX^7 1 LTT/lc^Alil 1 3 <^«illg5S:«ilJ^ 

xyf-vifftr-xy-j^^^rt/c. z(n^. >ft 

«?)(0»9tCiE«$*lfcAlill 3(t, 

rKiz. 7*hL/i;;?.hi4$:Ui;:^K*(j««r«%iu. 
snfc. jiS£<^«D<jas5nfc':7xyMi. #x 

[0021] 3C^J:ofrCLrftig$*if-»^^^/:t-K 
1 OCD«^Sa«S:iB^Lf::i:r5l0Kdr*-3fi. X, 
^^&f5li, 460 -470 ni-CfeU. »?i:4p ntf-^C^Ga 
N C0^^5'^'3j'-KtC-tt^T. 20-50n»f5i$f5<aic;^'^ 

[0 0 2 2] f^, ±,^'mimxmy'^tL'7^:^i/ouH<7) 

> 5 i/ X - 7L/ V if *> 'i^ AMg (CaH7 )2 Srffil^T^fiV^. 

•jrjiJKnJl4C^-Sjl«ifii:Lf-;:>\ mi(^n 

[0 0 2 3] -£;i1iigt:-r^>i:. m«n«£^ ^Hifc 

^K^^^-y U7jftSnJl4(^=^-y';7mKtil XIO^-*-- 
IXlO^'/cn' TSIilli 0.5-- lamtm^i^y.^. 
'}7mSLtr iXlO^Vca^ Oht^C^t^^Sfi^/lJ^^T 
T'2)(^TSiL<?i:<. IxiO^VcD^ i':^T^?l:4t% 

m^<7)mmmfi'^lB^ < til T 5: ijftT i: ^jRI" i> CO 
•CS*L<>i:<. Blff?i^ 0.5;imi':(Ti:'^^^)t^>t3fi« 

[0024] S*-^'J7mKn- ff3(0:^^'j7 

(«^) iMEii 1x10*-'- ixio^»/cii= vmmit 2- 

iO*im/i^SiUv^. ^^')7 («^) ixio^V 


R006743 


« 


(4) 


5 1963 


[0025] mismm 

aeiciDi^r, ^^i^^^-Ki on. ^yj^rm^ 
i^WLri>u, -t<^i^:7T>r7»«nc50o a^^ain 

±Htt, HatC. aUW!*j2.2 ^imCOGaN ;:»^*^>fiai»S5*^ 'J 

finJf4(O±t:0UW(t)4OO AcOGaN /i^^fiSi i if 6 
S£$nT*»U, -?-COifl6CJDi:tcail*5 0.2*imOGaN 10 
;i^*ifi2-Siil5 0;:>'»?&fi£$nTt^^>. X, i<r>iJ§50 

[0026] i/15 0(7)±ffi/>^^)ll. ifliSOtiie 

i&fiS^Fn/it»«5 i;!i'*i^ga$nTi^^». s^-^ura* 
[0027] mz, z0mm<r>^iit^^^-h'ioo)n 

[0028] Sglllfift«P3i:[S]«CLT, aSlZ^-T't^x 
yN$:8lig-r-6. ?5(;t:, @ 1 0 tc^-f^i: ^ t:. iil5 0O 
±tc, :7./<yj9U>i^tC<tUSi02iil li2000AcOff5 30 

e5 0ici,a^rn- il3^c:s^»J:•i^c^^fi^$n^7Ll 5 

[0 0 2 9] IX^Z. Hi lH^'rcfce)t:. 77M-ut/*7. 
hi 2^;J:-^Ta*>nrv^)i:l^SiOai■l 1^7y-ft7K9R 
M^xy^>^ftt-Cfitfii&urc. 0 1 2 ic^-fck e» 
t:, 77»-hi/i/xKi 2&utSi02ili it:.i:oTa*)n 
•C^^''^v^gMi(Oil5Oi:-t0T(^il6i:i&#i' 'JT 40 
«jKn/l4i:S=^+ UrmaCn- il3(OJ:ffi0-Si5$:. 
H^0.04Torr, SJ^&«^0.44tf/cm' , &Cl3^7.^10 

Ozill iS:7y{t:;K^RK-Cf^^Lfc. 
[0 0 3 0] Ell 4i:^-r<fcotc. iM5 0a)m 


6 

M^^tt. JOiimSlOKV. UA , f-ACO 

^fti$«0.2«/sec . t'-Aft60;imO. Jt^2 I X 
10-*Torr'C«)<b. r (0«^COfiaWl^<fc »J, i « 5 0 (^) 

m\'^imS^^^^i*:Xi&^^ 'J7!MLn«4 i: p n© 

'^^j&firr^./)\ flteffijuti. P^S55t±. aavc^tt 
r. i«5 0tc<fc»j«^tctft»5^'«5n6. 

[0031] l^iZ, SI 5tC3i^-r<i:e)t:. P§^S55i:i 
il50c^±ffii:7Ll 5$:iiorfl5*-fr ^)7mSin' /IS 
Alii2 0;!>'««i:<t»JJ{^fi25n/h. -tUT. ^0 
AU120a)±H7?rKL/'>*XS2 1^?fi^Lr. 7 ?f K 
'JVi^5 7t:^U, -tC07j)- HUi/Ah2 1 ;&»iR#-t 'J 
rmSn- i|3&a£pi!SS5t:?t1-^»«*SSB/>'^aJ:e> 

i/;x.h2 1 S:VXi7i:LTTfftOAiJ12 0<Oll£ii»S:W 
ia5!^xv^>ir«-Cxy-?^>^fL, 77rHL/i/7.K2 1 

e>tC. UTMEn- il3(7)««5 2. pSS55(0 

';7xy>;i'^5R^lC9J»r$nfc. 
(0032J rcOJ:ot:UT«ig5ti^c«ye3»'^^-K 
10C0%^5ai«S:Si^Ur-t^'5. »l|l»«F1tfai« 
i:, 10 acdX$>^fc. X. 460 -470 niT 

r. 2O-'50nBi^&f^t:;^^i? K;L/$:«^$^^>::i:7!i^ 

[00 33] ^^^WM 

T. S*-^ ';7mKn-)13, {£=^-*' •Jrftffn)i4. 
iJlS, pJI5^, -tti-fn, Alo.2Gao.5Ino.3NtL 

^«J[2 xiO^VcMJ^fiftU. {&*'^U7««nfli4li 

^i^mmm^xn^msLi xio^-zcanc^^sufc. i/i 

6tiZn«^ 3xiO"/ai'-Ci?$ 400Ai:i^fiaL. P /■ 5 

(t 7 >^ A (Mg) $: is*a u r ^ BRi^ t r xETiii 
7mKn- /i3i:SJ«!T47;i/i-'t7A-ej^5ii^fnf-« 

[0 0 3 4] 7^\Z. ZO)mi&0)^tH:^^^-^lOhfR 
-6. h'j>t^;i/>r>->'':7A(In{CH3)3)/>nMG , TNA . i/ 

7>. cp2Mg ^7.t:Spx.r€effi$nrc. ^s&ia*. 

$: K7xl0-*^;l//5^■C^I&•r4ci:&«tv^Tf6O^;^. 

(0 0 3 51 mz. mim&mt\siwz. swrn^ttnj 


R006744 


(5) 


1^^6-1 5 19 6 3 


7 ' 

(0036) Z0i^dKLXnmttir:L^!H:ir^:^-h' 
tC, 10 icdTft-Dfc. X. ^t^iA^\t. 460 -480 naT 

[02] |a]l5»fi^(^«it^r<^-K(^ftigxS«:ji^Lfc 
9fM0. 

9f^0. 

9fffi0. 

[05] ^m&mo>^!^^^^-^0>W&xm^7riLt:. 
Sf^0. 

[061 fg)l^l«(^«>ti^>r:t-KC^«itXSiji^tAc 
E9fl^0. 

[071 i^m^0^a)^i^^^^-h'o)m&j:m^BLrz 

SFfM0. 

[08] *^BS(^:ft(tdt|^*^?B2l|fiS^i:^«>«)^eir>r;t 
-K0«lfiSS:^Lrcllfi£0. 


[011 



[041 [061 



8 

[091 fS!IIM0!<O«^^^-*'^-Kc^ftiaxgS:3nL/S: 
affffi0. 

[0101 (aill»sflP)0«^^^^*-Kco»i6xafeii^u 
/h»fffi0. 

[011] Ip!ll5Sflf1(^«5t3^-r^-KO»ifiXfiS:^U 
/c»fM0. 

[012] mmmm(r>^^ir>c^~i^(7)nmxm^mt 

^e&FrS0. 

[0131 f3I||B6^F«i7)^>t5'>r;t-K£^»i&XSi55^b 
10 fcBn®0- 

[014] (3J|^^(7)«>t^^-r3f-K0ttgXS€:^L 
fc9fM0. 

[0151 I3I«6«(^«5t4^Y3r-K(^ttSXlifc^U 
rc9fM0. 
[^^t^Stt^I 

1 0--^3tyw':t-K 
l"-9'7 7>r7»fi 

2 -/^v^Til 
3-ffi*-i''j7ii«n- « 

20 4 -fi^-y 'J7««n« 

6 

50-i« 


[021 [03] 



[05] [07] 



R006745 


(6) 


1^^6-15 1963 


[08] [@9] [010] 



R006746 


(7) 1$M^6-1 5 1963 


805 >rfiJRa«19^«103-^* 


''006747 


